Introduction
The open-office environment has received much criticism over the years because it has been identified to negatively impact occupants' satisfaction with the work environment.
Research identified noise and loss of privacy as the main sources causing this dissatisfaction [1, 2] . Satisfaction with lighting is typically not an issue in open-plan offices; its quality is more important to office workers in enclosed offices. However, the transition from enclosed to open offices has affected offices' energy consumption for lighting, as in these large offices it is more complicated to apply occupancy-based lighting control. In an enclosed, private office, one occupancy sensor suffices to determine the presence of the single worker and control the luminaires in the room accordingly. In open-plan offices, however, lighting control at this individual level requires a finegrained sensor network. Although smart luminaires tends to be equipped with occupancy sensors, these just start to being implemented. In addition, luminaires and desks are typically not aligned in open-plan offices, hence some luminaires are also shared by multiple occupants, which complicates the design of highly granular lighting control. As a result, central lighting control tends still to be applied in open-plan offices.
Nevertheless, we find success stories of this type of lighting control in large office spaces, but they originate from studies in cubicle types; they showed energy savings of 41% and 60% [3, 4] . In these offices, luminaires and desks are aligned; as partitions limit the distribution of lighting from neighboring luminaires to surrounding desks, this alignment is required to provide occupants with sufficient illuminance. Hence, utilizing highly granular lighting control, or "local lighting control", entails less difficulties here, and is already being applied.
These studies evaluated local lighting control with occupants in a real office; the majority of them expressed satisfaction with the provided lighting conditions. However, they did not measure whether it distracted them from their work activities. With local lighting control, each time occupants arrive at or leave their desks leads to a change in the lighting situation. The respective luminaire is switched on or off, which occupants could perceive as distracting.
We studied this issue in an open-plan office without partitions (so-called bullpen office) [5] . The majority of occupants did not consider lighting changes due to vacancies as unacceptable; to a few users, however, they did. When comparing the acceptability ratings to those from other environmental sources, electric lighting scored the lowest, together with sound, and was rated on average as "just acceptable". Although the sample size of this study was limited, it suggests that this issue deserves further attention.
In cubicle offices, the lighting changes might be less noticeable to occupants as their view is blocked by partitions, and, as a result, less distracting. However, it is important to validate this hypothesis as distractions can negatively influence the work performance, as for example was found to be the case with noise [6] . In particularly in the open-plan office, it is highly undesirable that electric lighting poses another form of distraction as it already is perceived as a challenging environment to work in. In addition, employees form the major expense of companies; hence, their satisfaction cannot be endangered. Hence, user acceptance is highly important for the successful implementation of a strategy.
This motivated the replication of the bullpen study in a cubicle office, investigating the influence of office lay-out on users' perception of lighting changes. We chose to perform the cubicle study in Northern America, as they form the typical office lay-out here. The bullpen office was located in Northern Europe; hence, the results will also indicate whether cultural differences underlie lighting perception, which is also relevant for the transferability of other lighting control strategies across these continents. 
Methodology

Study design
The study in the cubicle office was conducted in January 2018 for three weeks; the European study had the same length in the same season (February 2016). We chose the winter season to minimize the influence of daylight. The cubicle testbed was located in Berkeley, California, the US, while the study in the bullpen office took place in the Netherlands. We first created a baseline through applying central manual lighting control for a week, followed by two variations of local lighting control, both for a week. We used a repeated measures design; participants experienced all three strategies.
Lighting control design
With the central manual control strategy, all luminaires were switched on by the occupant who arrived first in the office and switched off by the one who left the office the latest. We employed a time delay of five minutes during the first week local lighting control was tested, meaning that luminaires were turned off five minutes after occupants were detected to have left their cubicle. In the second week, this setting was changed to two minutes.
In the cubicle office, luminaires could already be controlled separately. Motion sensors above each desk allowed us to detect individual occupancy changes. In the open-plan office, off-the-shelve, plug-in switching nodes were placed at each luminaire, enabling them to be switched on and off separately. In addition to motion sensors, chair sensors were used in this office. More detailed information about this setup is reported in Labeodan In the open-plan office, local lighting control in the first week (local lighting control 1) involved that each luminaire was only attributed to one occupant, while in the second week all luminaires required to provide 500 lx horizontally on the desk of the occupant were switched on. In the cubicle office, we employed the same commissioning across the two weeks of testing local lighting control: all luminaires that contributed significantly to the horizontal illuminance on the desk of the occupant were controlled by the occupant's sensor. This resulted in the use of one or two luminaires per occupant. We used a Konica Minolta illuminance meter for these measurements.
Participants
The open-plan office space was shared by twelve occupants; nine agreed to participate (all male; median age category 40-49 years old). Their job function types were all technical and required much cooperation; work activities consisted of discussing, technical drawing, and planning. The cubicle office contained 17 workplaces; 11 occupants par-ticipated (7 male, 4 female; median age category 30-39 years old). They all held a research job function type and mainly performed individual computer work. In this office, two occupants opted out (halfway the second and third week, respectively). All participants signed an informed consent before participation; it explained the general set-up of the experiment, including that a new control strategy would be applied during the second and third week. 
Experimental space
Procedure
Before the start of the experiment, participants filled out a general survey assessing possible confounding variables. Surveys assessing distraction were distributed at Friday afternoon of each testing week. In the cubicle office, they were given the option to fill out this weekly questionnaire and a diary, or only a diary; four participants agreed to fulfil both. All participants in the open-plan office filled out the diary.
Measures
Distraction. The dependent variables (DV) included frequency of noticed change, frequency of distraction, and acceptability of distraction due to electric lighting. These three items were also assessed for six other environmental sources, namely 'Temperature', 'Odour', 'Ventilation', 'Occupancy', 'Sound', and 'Sunlight'. To assess them, we developed questions ourselves: "How often did you notice a change" and "How often did you got distracted" (answer options: never, sometimes, regularly, often, or always), and "If you got distracted, to which extent was this acceptable to you" (7-point Likert scale from Completely unacceptable to Completely acceptable), respectively. They were included in the weekly survey. This study does not report the three scores of the other environmental sources.
Possible confounding variables.
In the pre-test survey, we assessed gender, age category, and vision (whether one wears glasses or contact lenses) as demographic characteristics. In addition, we assessed five other possible confounding variables: (1) productivity [8] , (2) self-assessed general distraction, (3) privacy desire [9] , (4) effect of environment on productivity [8] , and (5) light sensitivity, using three items regarding light exposure sensitivity [10] , with Cronbach's α = .536. The weekly questionnaire started 6 with a question regarding their concentration ability (four items: difficulties to concentrate, difficulties making choices, memory lapses, and difficulties to think clearly) on a 5-point Likert scale from Never to Always, Cronbach's α = .761).
Analysis
In this paper, we compared the results from the weekly questionnaires regarding distraction between the occupants of the two office types. First, we compared the two cases on the potential confounding variables.
Preparatory analyses. We detected significant correlations > .30 between the DV and three confounding variables: (1) age, correlating with frequency of distraction and acceptability of distraction, and (2) concentration ability, with frequency of distraction.
Distraction analyses.
To determine the differences between the two office cases, we used descriptive statistics and employed the ANCOVA procedure with frequency of noticed change, frequency of distraction, and acceptability of distraction due to electric lighting as DV, and the confounding variables correlating with the DV as covariates. Normality tests showed that the data was close enough to normality to use this parametric test. Fig. 3, Fig. 4, and Fig. 5 report the Estimated Marginal Means (EMMs) of frequency of noticed change, frequency of distraction, and acceptability of distraction due to electric lighting, respectively, for both office cases and the three control strategies. Fig. 3 shows that with central lighting control, occupants also noticed some lighting changes, while all lighting remained switched on the entire day. Occupants of both offices noticed an increased number of times changes in electric lighting when local lighting control was applied; on average, they reported this to occur "often". This increase was relatively higher in the cubicle office. We found significant effects for both office type and control strategy (see Table A1 in the Appendix), but not for the interaction effect between these two factors, which was of main interest to us. Fig. 4 teaches us that occupants in the cubicle office were more than "sometimes' distracted by the lighting changes that they noticed when local lighting control was applied. In the bullpen office, the frequency of distraction declined over the three weeks, suggesting an adaptation effect. Here neither the interaction effect nor any of the main was not significant (see Table A1 in the Appendix). office considered them acceptable. In both offices, the score increased during the second week of local lighting control, providing another indication for an adaptation effect. The differences between the two office types were not significant (see Table A1 in the Appendix). 
Results
Discussion
Overall, our results suggest that the dynamic lighting conditions resulting from local lighting control were acceptable to the office workers of the bullpen office, but unacceptable to the participants in the cubicle office, while we expected the opposite.
First of all, when comparing the number of notice lighting changes between the two office cases, we see similar scores, while we expected the occupants of the cubicle office to less often notice them. In addition, occupants of the open-plan office were less often distracted by these changes, and evaluated them as more acceptable. This difference was not significant, but this is probably due to the large individual variability and small sample size. The two office cases were representative of the typical office layout, but had a different type of work environment, which can explain the unexpected results. In the open-plan office, interactions between occupants occurred very often, resulting in a highly dynamic environment. Occupants of the cubicle office had a more individualistic way of working; consequently, occurrences of any kind attract more attention. In addition, occupants of the open-plan office were used to changes in sunlight, as it had windows all along the façade. The cubicle offices, in contrast, were not exposed to direct sunlight. Our results suggest that the influence of office lay-out is less important on distractions posed by local lighting control than the type of work environment.
It has to be noted that the two office cases involved different type of occupancy sensors leading to different control behavior on false-offs. More false offs occurred in the cubicle office; that might have contributed to the lower acceptability scores here. It also caused the drop-out of the two occupants in the cubicle office. Thus, for local lighting control to succeed, it is highly important that suitable sensors are being used providing accurate information on occupancy.
In both offices, occupants got adapted to the lighting changes, resulting in higher acceptability scores during the second week. This also means that the shorter time delay applied during this week was not causing dissatisfaction, which is a highly positive finding for energy savings.
In addition to the weekly survey, we asked occupants to keep a diary about all moments they were distracted by any environmental source. However, only four participants of the cubicle test-bed agreed to fill-out this, so we did not use this data.
Conclusion
When applying highly granular lighting control in open-plan offices, the lighting levels change due to other co-workers leaving or arriving at their desk. Our study showed that these are being noticed by occupants, independently of office lay-out. They were sometimes considered distracting, but accepted by the occupants after a week of adaption time. Nevertheless, they were on average considered unacceptable by the occupants of the cubicle office, while the bullpen occupants evaluated them acceptable. This difference was insignificant, but before any conclusion can be drawn, a follow-up study is required where the type of work environment, meaning job function type and the amount of interactions are similar. This seemed to affect users' acceptance of distraction due to electric lighting changes instead of office type. 
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